Abstract. The compaction of powders into tablets is widely used in several industries (cosmetics, food, pharmaceutics ...). In all these industries, the composition of the initial powder is complex, and the behaviour under compaction is not well known, also the mechanical behaviour of the tablets. The aim of this paper is to understand the behaviour (pressure vs density) of a simplified media made of fragile and ductile powders, varying the relative ratio of each powder. Some compaction experiments were carried out with glass beads (fragile) and Polyethylen Glycol powder (ductile). We observe two typical behaviours, depending on the relative volumic fraction of each component. A transition is pointed out, observing the evolution of the slope of the curve pressure/density. This transition is explained by geometrical considerations during compaction. A model is proposed, based on the assumption that the studied media can be compare to a diphasic material with a continuous phase (the ductile powder) and a discrete phase (the fragile powder). The result of this model is compare to the experimental results of compaction, and give a good prediction of the behaviour of the different mixing, knowing the behaviour of the ductile and the fragile phase separately. These results were also interpreted in terms of Heckel parameter which characterizes the ability of the powder to deform plastically under compaction. Some mechanical tests were also performed to compare the mechanical resitance of the obtained tablets.
INTRODUCTION
In several industries, the final product is made by compaction of powders to obtaine solid tablets. The mechanism of comapction is not well known, and the pressure conditions (load, velocity...) and the properties of the initial powders have consequences on the mechanical properties of the final products. The aim of this paper is to present some experimental results of compaction for several mixtures of ductile and brittle material ; and to propose a simple model of compaction. Experimental and theoritical results are compared and discussed, at last some mechanical tests were performed on the obtained tablets.
EXPERIMENTAL SETUP Compaction
Several mixtures of ductile and brittle powders have been compacted in a matrix. The ductile material is polyethylen glycol powder (PEG) and the brittle material is glass beads (table 1) . These two materials are mixed together. The control parameter is the volume fraction of glass beads defines as :
The mixtures are then poured in a matrix and compacted with a pneumatic press (quasi-static pressure, considering the pressure velocities), the final pressure is controled (table 2) . During the compaction the total volume of the matrix is measured, as well as the appllied load. At the end of the compaction, and depending of the mixture and the pressure conditions, a solid tablet can be obtain. The experimental setup allowed us to follow the evolution of the sample density increasing the load, the curve P = f (Φ) with :
All the compaction tests are performed at the same maximum load : P = 50MPa.
Mechnanical tests
Some mechanical tests are performed on the solid tablets in order to compare the mechanical properties of the different mixtures. A load is applied on the tablet until it crackes. Two configurations are tested : diametral load and normal load ( fig. 1 ). The cracked load is reported as a function of the volumic fraction of glass beads. 
RESULTS OF COMPACTION
This paragraph, presents the results obtained for the compaction tests. The figure 2 presents the results obtained for the pure materials (glass beads X = 1 and PEG X = 0) and a result obtained for a mixture.
One can note a different behaviour for the brittle (X = 1) and the ductile (X = 0) material. The first one presents almost no density increase during compaction (Φ starts at 0.62 to end ar 0.64) when the second one presents no residuel porosity at the end of the compaction (Φ f inalPEG = 1).
For each mixture, the compaction test is done at least three times and the results are fited by a polynomial curve. Figure 3 presents the fited results for all the mixtures.
This figure shows that for a low concentration of glass, the compaction of the mixture have a behaviour very similar to the one of the pure PEG with a large density increase during compaction, increasing the concentration of glass beads, the behaviour change to be more similar to the one of the pure glass beads.
Some authors propose to interpret the results with the Heckel law [1, 2, 3] :
FIGURE 2. Pressure evolution P vs compacity Φ during compaction : experimental results for pure glass (X = 1), pure Peg (X = 0) and an mixture with 68 vol% of glass (X=0,68) FIGURE 3. Pressure evolution P vs compacity Φ during compaction : experimental fited results for all the mixtures
Where K represents a charcateristic parameter of the plastic deformation, and C * = C − ln
is characteristic of the grains rearrangement. Figure 4 , presents the Heckel law of the experimental results previous obtained.
With the Heckel representation, the transition between the glass and the PEG behaviour was be found around X = 0, 5 : for 0 < X ≤ 0.5 the behaviour is similar as the behaviour of the PEG, for 0.5 < X ≤ 1 the behaviour is similar to the one of the glass.
The K and C * parameters, allow us to give a first interpretation of the compaction. For X ≤ 0.45, the high value of the K parameter, is a sign of a large plastic deformation. In the same time, for X ≤ 0.6 the high value of C * is a sign of a rearrangement of the solid glass beads (fig. 6 ). This can explain that until a value of 0.45 ≤ X ≤ 0.6, there is platic deformation of the PEG and at the same time rearrangement of the glass beads. So, the behaviour presents a large density increase when compacting. For higher values of X, the glass beads are into contact and the compaction, is due to glass beads rearrangement and low plastic deformation of PEG. The rearrangement is maked easier with the presence of the ductile phase which acts as a lubricant. So, when the volumic fraction of PEG decreases ( X increases) only a poor compaction is observed. 
MODELISATION
The modelisation of the behaviours observed experimentaly, is based upon two hypothesis :
1. the PEG is a deformable media 2. the PEG powder has infinity small grains compared to the glass beads Regarding these two hypothesis, the PEG is considered as a contiuous media, this allowed us to write :
with :
Φ glass = ΦX Knowing experimentaly the behaviour of the pure PEG and the pure glass, it is possible to calculate the behaviour of all the intermediate mixtures. The results are prensented in the figure 7 which gives the slope evolution of the compaction curves.
The theoritical results are in good agreement with the experimental results. The difference is essentialy due to the no validiy of the second hypothesis (d PEG is only hundred times smaller than d glass ). As PEG is not a continuous media, the value of the Φ PEG is over evaluated at the begining of the compaction.
MECHANICAL TESTS
We present only in this document the results of the mechanical tests under diametral load, as the conclusions These results show that the presence of the glass beads into the PEG tablets do not reinforced the mechanical properties of the tablets. The increase in glass beads makes the crack load decrease. The test were also performed on tablets made with smaller glass beads (d glass = 100µm) in order to see the influence of the glass/PEG interfaces. These first experiments show a sligth change in the values for intermediate mixtures, but no large differences in the tendency.
The presence of glass beads only decrease the mechanical propertiies of the tablets, this is probably due to the fact that the interfaces glass/PEG have a lesser adhesion than the interfaces PEG/PEG.
CONCLUSION
The behaviour under compaction of severals mixtures of brittle and ductile materials have been investigated. The increase in compacity can be explained by plastic deformation and rearrangement, depending of the volumic fraction of ductile phase. The different behaviours can be modeled with a good agreement considering the ductile phase as a continuous phase. The mechanical tests performed on the tablets show that the presence of a brittle phase decreases the mechanical properties. The adhesions properties between the different phases into the tablets are probably the key parameter to explain the mechanical properties of the tablets. Some further experiments will be carried out to understand these compaction behaviours with more complex material. To understand the correlation between compaction and mechanical properties, we need to have more informations on the adhesion mechanims and properties which can be present in a tablet between the different phases.
